GOPALAN et al. (1) (2) (3) reported that excess intake of leucine is a cause of pel 535 I. NAKAGAWA and A. SASAKI lagra in a district in India where jowar (sorgham) is taken as a staple food, and leucine induced an increase of N-MNA and quinolinic acid, and a decrease of pyridone and 5-hydroxyindoleacetic acid. In another experiment, BELAVADY et al. (4) reported that 3 of 5 pups receiving supplements of leucine with a complete diet including nicotinic acid developed signs of nicotinic acid deficiency. In a previous paper (5), we reported the effects of excess leucine and valine deficiency, respectively, on the above metabolites and on plasma amino acid levels in humans.
In the present work, the effect of excess leucine, with and without additions of niacin and/or vitamin B6, on tryptophan and niacin metabolism was examined in the rat.
EXPERIMENTAL PROCEDURE
Three experiments were carried out with a total of 78 female rats. The rats were fed an 18% casein diet (control diet) for 7-9 days after weaning and then were separated into four (in experiment 1 and 3) or five (in experiment 2) groups. Littermates were evenly distributed in different groups. The composition of diets given to each group is shown in Table 1 . Each rat was housed in a separate cage with an inverted bottle containing tap water provided freely. The amount of diet intake was made the same in all the rats, as far as possible, by restricting the amount to be taken by the rats in the basal diet group. Determinations of N-MNA (6), pyridone (7, 8), niacin (9), quinolinic acid (10), 5-hydroxyindoleacetic acid (11), and 4-pyridoxic acid (12) were made on 24-hour urinary samples ob tained during the last three days of each feeding period. All the animals were killed, and branched-chain amino acid transaminase activities (13) in heart, kidney, and liver were determined. A serum aminogram was examined by the use of an automatic amino acid analyzer. As a sufficient amount of blood for amino acid analysis cannot be withdrawn from one rat after overnight fasting, the same amount of blood was collected from each of 3 rats (in experiment 1) or 6 rats (in experiment 3) and then mixed for analysis. Data were analyzed statisti cally with Duncan's multiple comparison procedure (14) and Student's t-test.
RESULTS

Experiment 1
Rats were divided into 4 groups as shown in Table 2 , after feeding them with a control diet for 9 days. The rats were then fed the respective experimental diet Values of niacin metabolites in the urine in expt. 1 are higher than those in expt. 2, and perhaps it may be due to the difference of feeding method during preexperimental period: Rats of basal group were fed with leucine-excess diet, rats of excess-leucine group fed with basal diet, rats of vitamin B6-deficient group fed with excess-leucine and vitamin B6-deficient diet, and excess-leucine and vitamin B6-deficient group fed with vitamin B6-deficient diet respectively, for 14 days before exchanging diets.
for 14 days, and 3 rats of each group were sacrificed to determine the transaminase activity. Another 3 rats of each group were fed further for 17 days, but diets were exchanged (from basal diet to leucine-excess diet, leucine-excess diet to basal diet, vitamin B6-deficient diet to leucine-excess diet without vitamin B6, and leucine excess diet without vitamin B6 to vitamin B6-deficient diet, respectively). Deter minations of N-MNA, pyridone, niacin, quinolinic acid and 4-pyridoxic acid were made on 24-hour urinary samples obtained during the last 3 days. A serum amino acid (Table 3 ) and branched-chain amino acid transaminase activity in organs (Table 4) were examined respectively on the last day of experiment. Table 3 . Effect of excess intake of leucine diet with and without addition of vitamin B6 on serum levels of amino acids. (17 days) Table 4 . Branched-chain amino acid transaminase activities in heart, kidney and liver of rats fed the excess leucine diet with and without addition of vitamin B6.
* Rats of basal group were fed with leucine-excess diet, rats of excess-leucine group fed with basal diet, rats of vitamin B6-deficient group fed with excess-leucine and vitamin B6-deficient diet, and excess-leucine and vitamin B6-deficient group fed with vitamin B6-deficient diet respec tively, for 14 days before exchanging diets. Data were tested with DUNCAN's multiple comparison procedure (14). Values in the same column that do not have the same superscript letter are significantly different (p<0.05).
Growth in body weight is shown in Fig. 1 . Excess intake of leucine affected body weight, regardless of the presence or abscence of vitamin B6. Table 2 shows concentrations of various metabolites excreted in urine. Urinary excretion of N-MNA tended to decrease both in excess leucine and in vitamin B6 deficiency, but not with significance (p>0.05). Urinary excretion of pyridone decreased in vitamin B6 deficiency, regardless of excess intake of leucine. Excretion of niacin in the urine decreased with excess leucine, regardless of the presence or absence of vitamin B6. Urinary quinolinic acid did not change with excess intake of leucine (p>0.05). Urinary excretion of 4-pyridoxic acid decreased markedly in vitamin B6 deficiency, regardless of excess leucine. Branched-chain amino acid transaminase activities in heart, liver and kidney seemed to decrease with vitamin B6 deficiency and to increase with excess intake of leucine (Table 4) . Recently, ICHIHARA (15) reported that the enzyme activity was very high in the stomach. However, we did not determine it at that time .
The fasting serum level of leucine increased and those of valine and isoleucine decreased on the 17th day of excess intake of leucine. Tryptophan level tended to be high with excess leucine and to be low with vitamin B6 deficiency. The presence or absence of vitamin B6 did not affect the valine level, but the isoleucine level seemed to decrease with vitamin B6 deficiency ( Table 3) .
The weight of the heart, liver, and kidney tended to decrease with excess leucine, but a definite conclusion could not be drawn from these data (Table 5) .
Experiment 2
After being fed a control diet for 8 days, rats were divided into 5 groups and fed further for 17 days with basal, excess-leucine, excess-leucine and vitamin B6-deficient, excess-leucine and niacin-deficient, and excess-leucine, vitamin B6 and niacin-deficient diet, respectively.
Growth in body weight is shown in Fig. 2 . The amount of diet intake was adjusted to be the same in all the rats, as in experiment 1 . However, excess intake and A. SASAKI obtained are shown in Fig. 3 a-e. Urinary excretion of N-MNA in rats fed the basal diet gradually increased during the experiment. However, urinary N-MNA decreased markedly in rats fed the niacin-deficient diet, and tended to decrease in rats fed the excess leucine diet and rats fed the excess leucine diet with vitamin B6 . Therefore, the difference between the rats fed the basal diet and those in other groups became marked with progress of the experiment. Urinary pyridone was scarcely affected by excess intake of leucine, but decreased markedly in niacin deficiency. The excretion of niacin in rats fed a basal diet differed from that of rats fed excess leucine, from a cross-sectional observation at the last day of the experiment. However, the difference between those seemed to be insignificant , from a longitudinal observation during the experimental period . Urinary niacin decreased naturally in rats fed niacin-deficient diet. The excretion of quinolinic acid decreased in rats of all the groups during the experiment , and seemed to be remarkable in rats fed niacin-deficient diet. 5-Hydroxyindoleacetic acid in creased in all the rats. The weight of the heart, liver, and kidney of rats in the basal diet group were larger than those of other groups, but their organ weight per gram body weight was lower (Table 6 ). leucine showed poor growth compared to the rats fed a basal diet.
The concentrations of tryptophan and niacin metabolites in the urine were shown in Fig. 5 . Excretion of N-MNA in rats used in experiment 3 was greater than that in experiment 2, perhaps due to larger amount of diet intake. However, the tendency of excretion during the experiment was similar to that shown in the previous experiments.
With an excess intake of leucine, urinary excretion of N-MNA tended to decrease, but did not differ from that in the basal diet group.
The excretion of N-MNA in rats fed niacin-deficient diet decreased remarkably.
Urinary excretion of pyridone tended to decrease in the rats fed the excess leucine, but the difference from that of rats fed the basal diet was not significant. Niacin deficiency markedly affected the excretion of pyridone. Rats in all the groups excreted a larger amount of niacin in the beginning of the experimental period than those in experiment 2. After 1 week, however, the excretion of niacin de creased rapidly in rats of all the groups and thereafter remained at a constant level, having a higher level in basal diet and excess-leucine diet groups than in the niacin-deficient diet group. Urinary quinolinic acid decreased in rats of all the groups just as in experiment 2. It decreased in the first week, and thereafter remained at a constant level. No significant difference was found among dif ferent groups. Excretion of 5-hydroxyindoleacetic acid tended to increase in rats of all the groups. The blood was withdrawn from the rats after overnight fasting, and a serum aminogram was examined on the 21st day of excess intake of leucine (Table 7) . Table 7 . Effect of excess intake of leucine diet with and without addition of niacin on serum levels of amino acids .
Serum leucine level increased and serum valine and isoleucine levels decreased . Deficiency of niacin did not affect serum levels of these amino acids . With excess intake of leucine, serum tryptophan, methionine , and phenylalanine levels in creased and glycine level decreased, but serum glycine level increased in niacin deficiency. The weight of the heart, liver, and kidney tended to decrease with excess leucine, but the weight of these organs per gram body weight did not differ from those of other diet groups (Table 8) .
DISCUSSION
In our experiment in humans (5) and OHGURI'S experiment in rats (5% leucine, unpublished data), effect of excess leucine was not observed on body weight or in urinary excretion of tryptophan and niacin metabolites . In our present experiment, with increased intake level of leucine to 10%, growth in weight was retarded, perhaps due to the toxicity of leucine . Vitamin B6 and niacin deficiencies did not seem to give further effect on it.
With excess intake of leucine, excretion of pyridone and niacin tended to decrease, compared to that of the basal diet group, but was the same as in the case of vitamin B6 deficiency. Urinary N-MNA tended to decrease in all dietary conditions tested, except that of rats fed a basal diet in which their excretion seemed to increase. TANNOUS et al. (16) also reported that urinary excretion of N-MNA was not affected by the excess intake of leucine. Niacin deficiency naturally decreased the excretion of niacin and its metabolites. Vitamin B6 deficiency did not strengthen the effect of excess leucine on the excretion of N MNA, pyridone, and niacin. HANKES et al. (17) reported that quinolinic acid, which is not converted into NADP because of leucine inhibition, increased. Recently, KRISHNASWAMY et al. (18) reported that vitamin B6 could successfully counteract the effects of leucine on quinolinic acid excretion in urine, and sug gested that vitamin B6 might have a role in the metabolism of quinolinic acid, and administration of leucine resulted in a reduction in the activity of quinolinate phosphoribosyl transferase. Besides, they indicated that vitamin B6 supplements could overcome to a great extent the decrease of urinary 5-hydroxyindoleacetic acid induced by leucine. In our experiment, the excretion of quinolinic acid de creased, and urinary 5-hydroxyindoleacetic acid increased regardless of the presence or absence of vitamin B6. On the other hand, IWAI (19) stated that ad ministration of leucine did not result in any reduction in the activity of quinolinate phosphoribosyl transferase which he isolated from liver and pancreas.
According to MURAMATSU et al. (20) , addition of 5% leucine alone did not retard growth in body weight, but deprivation of vitamin B6 from the 5% leucine diet caused retarded growth. For this reason, they suggested that the branched chain amino acid transaminase activity in the kidney, heart, and liver decreased in vitamin B6 deficiency, and excess leucine could not be metabolized sufficiently and affected metabolism of other amino acids indirectly, so that the growth was retarded. However, in our case (10% leucine) growth retarded regardless of the presence or absence of vitamin B6. According to TANNOUS et al. (19) , the rat fed a high-leucine diet showed a severe growth depression initially, but they became adapted to this diet and started to gain weight slowly. Branched-chain amino acid transaminase activities of organs seemed to de crease in vitamin B6 deficiency and to increase in excess leucine. Therefore, this enzyme activity in rats fed excess leucine diet without vitamin B6 did not differ from that in rats fed the basal diet except that of heart in the second analysis in experiment 1. However, apparent conclusions could not be drawn.
In our previous experiment in humans, excess leucine decreased the plasma valine level, but it did not affect the leucine level. However, 10% leucine in creased the serum leucine level on the 17th and 21st days of administration in rats. According to TANNOUS et al. (19) , the leucine concentration rose sharply on the first day in plasma from rats fed a high-leucine diet (5% leucine). By the 12th day the plasma concentration of leucine of rats fed a diet containing 5 leucine was not appreciably elevated, including that the ability of the animals to remove excess leucine had improved during this period. By the 12th day the rats were gaining weight and the concentration of isoleucine and valine in plasma increased. These changes may be the result of an adaptation which occurs in response to a high leucine intake. However, in our experiments, serum leucine remained at a high level, and serum valine and isoleucine levels decreased. Neither vitamin B6 nor niacin deficiency affected these amino acid levels. On the other hand, with excess intake of leucine, serum tryptophan level increased, and it remains to be determined whether it can be expressed as an amino acid imbalance.
